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ABSTRACT   
In this work, the development of a portable fluorescence spectroscopy platform for Huanglongbing (HLB) citrus disease 
in situ detection is presented. The equipment consists of an excitation blue LED light source, a commercial miniature 
spectrometer and embedded software. Measurements of healthy, HLB-symptomatic and HLB-asymptomatic citrus leafs 
were performed. Leafs were excited with the blue LED and their fluorescence spectra collected. Embedded electronics 
and software were responsible for the spectrum processing and classification via partial least squares regression. Global 
success rates above 80% and 100% distinction of healthy and HLB-symptomatic leafs were obtained.  
Keywords: citrus greening, Huagnlongbing (HLB), fluorescence spectroscopy, Precision Agriculture 
 
1. INTRODUCTION  
 
Several diseases seriously threatens citrus chain production around the globe. Pathologies such as Huanglongbing 
(HLB), Citrus canker and Citrus Variegated Chlorosis (CVC) are the main concerns of citrus producers nowadays. The 
established mechanism for large scale detection of these diseases is visual inspection. This detection mechanism presents 
some disadvantages, such as: low detection rates, subjectivity of diagnosis and requirement of intensive human labor. In 
this scenario, the need of technological improvement for large scale and cost-effective in situ detection is imperative. 
Spectroscopic techniques have been used successfully for differentiating healthy from infected orange leafs1-3, and some 
of these techniques are feasible for development of portable devices.  
 
1.1 Huanglongbing (HLB) 
 
The HLB, or citrus greening, is the worst disease affecting citrus production nowadays. The disease is caused by a 
bacteria, Candidatus Liberibacter spp. and is vectored by Asian citrus psyllid Diaphorina citri, shown in Figure 1. Citrus 
greening first case was reported in China, 19194, occurring in Brazil in 2004 and one year later in Florida. Citrus 
greening is incurable and affects all citrus cultivars. It is a vascular disease, deteriorating phloem translocation stream 
and causing tree decline. Visual symptoms in infected trees are known as blotchy mottle: vein yellowing and 
asymmetrical leaf chlorosis. Infected trees exhibits a decrease in productivity, and a lowering in fruit quality. Typical 
characteristics detected in fruits are lopsided development, aborted seeds, thicker albedo and bittering. Figure 2 depicts 
typical symptomatic leafs and fruit. 
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         Figure 1. Diaphorina citru psyllid.  
 
 
         Figure 2. Typical symptomatic citrus leafs and fruit from HLB-infected tree. 
 
Management of HLB is performed via eradication of infected trees. Identification of HLB-infected trees is achieved 
through visual inspection, technique with about 60% average success rate with well trained personnel. This means that, 
even in clear symptomatic stage, more than 30% of infected trees are not detected, acting as sources for HLB spreading. 
If the asymptomatic trees are taken into account, the scenario is even worst. The economic losses in the United States 
since the first reported case in 2005 are estimated around 4billion dollars, and more than 6000 job posts7.  
 
 
 
2. EXPERIMENTAL ARRANGEMENT  
 
2.1 Overview 
 
Stress or disease-induced metabolic modifications in plants can be detected by molecular fluorescence. Different 
excitation wavelength produces fluorescence spectra with particular information in distinct spectral bands. Ultraviolet 
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excitation of green leafs, for example, leads to two main fluorescence spectra: blue-green fluorescence (BGF), ranging 
from 400 - 600nm, related to lignin and ferulic acid, and chlorophyll fluorescence (ChlF), at 690 and 740nm, related to 
chlorophylls A and B fluorescence peaks. 
In this work, a blue LED operating at 405nm acts as the excitation source, and a commercial miniature spectrometer 
ranging from 400-800nm collects the fluorescence spectra, as depicted in Figure 3. Typical fluorescent spectra from 
citrus leafs are shown in Figure 4. The portable spectroscopic platform is composed basically of the optical system, 
electronics and embedded software. 
 
     Figure 3. Micro-scanning optical system overview. 
 
 
     Figure 4. Typical fluorescence spectra from citrus leafs. 
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Spectral data collected from healthy, HLB-asymptomatic and HLB-symptomatic trees shall be analyzed by a 
classification software based on neural network. Classification software possesses a training database. The training 
database contains typical information from healthy, HLB-asymptomatic and HLB-symptomatic leafs. Once a new 
spectra is collected, the software compares it with the database and classifies as healthy or infected. 
 
Software database shall be originated from healthy, HLB-asymptomatic and HLB-symptomatic leafs from orange trees 
available in São Paulo state, Brazil.  
 
 
2.2 Optical system 
 
The optical system of the portable spectroscopic platform is subdivided into the following parts: 
Miniature Spectrometer - This critical element was acquired as an OEM part of the system. In this particular 
configuration, a spectrometer based on CMOS detector was applied.  
Collection Optics - an optical system for collection of fluorescent spectra an also optical filtering was design to optimize 
collected signal. 
Excitation Optics -  the LED performs the excitation of the leafs without the need of conditioning optics. 
 
2.3 Electronic control 
 
Electronic control main functions are spectrometer readout and LED driver. A block diagram of the electronics is 
represented in Figure 5. The low consumption 32bit microcontroller executes all data processing. This MCU 
communicates with all electronic blocks and also the neural network for classification and diagnosis.  
 
 
     Figure 5. Electronic control block diagram. 
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Interface: 
The portable platform communicates with the user via low consumption OLED display and a keyboard. Through these 
elements the user navigates and configures all system parameters. Also, display resolution shall be sufficient to exhibit 
spectral graph to the user. 
 
LED driver 
LED driver operates in current control closed loop, maintaining luminous intensity over time. This driver allows the 
MCU to control LED pulse duration and intensity. 
 
Spectrometer: 
Commercial miniature spectrometer communicates with electronic board via HDMI cable. Spectrometer main 
specifications are related in Table 1. 
 
Table 1.  Miniature spectrometer main specifications. 
Parameter Specification 
Wavelength Range 350-800nm 
Detector Type ELIS 1024, 1024pixel linear CMOS 
Pixel size 7.8x125 micron 
Optical Resolution 1.5nm FHWM 
A/D resolution 14 bits 
Integration time 10µs - 10s 
 
GPS: 
A GPS microchip embedded module registers the tree position for a future infection map construction. It also can help the user 
locating the infected trees through the crop for its removal. 
 
Memory Card:  
In addition to reading the spectra and performing the tree diagnosis, the platform must store the measured spectra, together with GPS 
position, cultivar, date and time. Therefore, embedded electronics shall possess memory enough for massive data. For this purpose a 
32GB SDCard was elected for storage.  
 
Adjacent project specifications include 8hour lifetime rechargeable battery and robust mechanical design. 
 
3. RESULTS 
 
A photograph of the system is shown in Figure 6. As can be seen, the platform has a portable and ergonomic handheld 
design.  
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     Figure 6. Portable spectroscopic platform. 
 
Preliminary system validation was performed in laboratory, for Valencia cultivar. A total of 3 infected trees were 
measured. From these trees, HLB-symptomatic and HLB-asymptomatic leafs were collected. The symptomatic leafs 
presents the blotchy mottle characteristics, while the asymptomatic ones were removed from a distant branch of the same 
tree, but with no visual symptom. In the same crop, but in a region with low HLB incidence 3 healthy trees were selected 
as the source of healthy leafs. From each tree, 40 leafs were collected from each class, resulting in 120 HLB-
symptomatic, 120 HLB-asymptomatic and 120 healthy leafs. 
 
All the 360 leafs were measured by the portable platform. The fluorescence spectra were collected from 400-800nm, and 
processed by the embedded software. The confusion matrix generated for the collected data is shown in Table 2. The 
average spectra for the infected leafs are shown in Figure 7.  
 
 
Table 2.  Confusion matrix for laboratory measurements. 
 Real Class 
Classification Result HLB-Asymptomatic HLB-Symptomatic Healthy 
HLB-Asymptomatic 101 32 48 
HLB-Symptomatic 2 88 0 
Healthy 17 0 72 
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     Figure 7. Average spectra for HLB-symptomatic (red), HLB-asymptomatic (blue) and Healthy leafs (green). 
 
 
As can be seen in the Table 2, a 72,5% global detection rate was obtained. Eliminating the errors between HLB-
symptomatic and HLB-asymptomatic leafs, considering both leafs as unhealthy, the diagnosis success rate increases to 
82%. The distinction rate between healthy and HLB-symptomatic leafs was 100%. Even though the tenuous spectral 
difference between the classes, as shown in Figure 7, the classification software is capable of distinguish with high 
success rates. 
The portable platform was then used to perform in situ measurements, in partnership with one of the biggest Brazilian 
citrus producers. The objective in this second part of the project is to validate in situ large scale measurements. For this 
purpose, 8 year old Valencia trees were chosen for the massive measurements. Field inspectors were trained to use the 
portable platform and the measurements were performed as depicted in Figure 8. All infected trees detected in visual 
inspection were measured with the platform, and an equal number of healthy trees from a low HLB incidence crop 
region.  
 
 
     Figure 8. In situ fluorescence spectra measurements. 
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A total of 30 infected trees were detected in the first month of inspection, and 2260 HLB-asymptomatic leafs were 
collecte. Also, 2260 leafs of 30 different healthy trees had their spectra collected by the portable platform. No HLB-
symptomatic leafs were measured in a first moment. Due to the high distinction rate obtained previously between this 
class and the other ones, symptomatic leafs were discarded for instance in the massive study to reduce the number of 
processed spectra increasing processing software velocity.  
This first dataset obtained in situ was processed by the software and the confusion matrix is shown in Table 3. 
 
Table 3.  Confusion matrix for in situ measurements. 
 Real Class 
Classification Result HLB-Asymptomatic HLB-Symptomatic Healthy 
HLB-Asymptomatic 1009 0 304 
HLB-Symptomatic 1 0 0 
Healthy 1250 0 1956 
 
As can be seen in the Table 3, a 65,6% global detection rate was obtained. In this case, eliminating the errors between 
HLB-symtomatic and HLB-asymptomatic leafs does not change the diagnosis success rate considerably. The distinction 
ate between healthy and HLB-symptomatic leafs was 100%. No healthy leaf was classified as symptomatic. Leafs 
measurements in situ shall continue for at least 12 months, with the objective of gathering a huge and robust database. 
The small number of infected trees collected for the first inspection period attests the crop low HLB infection rate, 
nevertheless it compromises the classifier overall efficiency. The selected farm as one of the more effective citrus disease 
management found in São Paulo state. 
4. CONCLUSION 
 
In conclusion we have successfully produced a portable fluorescence spectroscopy platform for in situ large scale citrus 
leafs measurements. In laboratory preliminary experiments, the platform exhibited a detection rate of 82%. In situ 
measurements were initiated in a high-controlled and low-HLB infection rate Brazilian farm. In the first inspection set 
65,6% detection rate was obtained. In both experiments no healthy leaf was classified as symptomatic. The crop will 
continue to be monitored and the database shall be monthly increased. In a 12-month study it is expected to produce a 
conclusive study about the technology and its capacity for in situ real time HLB detection. 
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